We have examined components of the preintegration complex of human immunodeficiency virus type 1 (H1V-1) and have analyzed features which govern the association of these components. HIV-1 nucleoprotein complexes, isolated from nuclear and cytoplasmic extracts of CD4+ cells after acute virus infection, contained viral RNA and DNA in association with viral matrix (MA), integrase (IN), and reverse ranscriptase (RT) antigens but not capsid (CA) antigens and posessed integration activity in vitro. Association of IN but not RT or MA antigens with viral DNA was detergent-stable. Analysis of viral DNA synthesis and nuclear import of viral nucleoprotein complexes in the presence of a reversible RT inhibitor demonstrated that reverse transcription of viral RNA could be completed entirely in the host cell nucleus. Our studies demonstrate structural and functional features of the nudeoprotein (preintegration) complex of HIV-1 which are pertinent to the understanding of early events in the lentiviral life cycle.
In the life cycle of human immunodeficiency virus type 1 (HIV-1), molecular events following virus infection and preceding establishment of the integrated provirus are poorly characterized. Following virus-receptor interaction, viral proteins remain associated with viral nucleic acids in a high molecular weight nucleoprotein (preintegration) complex (1, 2) . For retroviruses such as murine leukemia virus (MLV) the viral preintegration complex comprises viral DNA and integrase (IN) and capsid (CA) antigens (1), while preintegration complexes prepared from detergent and RNase-treated cytoplasmic extracts of HIV-1-infected cells comprise viral DNA and IN antigen only (2) . The preintegration complex of HIV-1 is transported to the nucleus of the host cell by an active transport process which requires ATP but which is independent of cell division (3) . These findings are supported by the demonstration that nondividing monocyte-derived macrophages (4) and CD4+ human epithelial cells (5) support HIV-1 provirus establishment.
To define features of the preintegration complex of HIV-1 which account for its active nuclear import characteristics, we have characterized components of the preintegration complex of HIV-1. We present evidence that the preintegration complex of HIV (8) . Nuclear and cytoplasmic extracts (3) were fractionated on nonionic density gradients (1) and analyzed by immunoprecipitation and polymerase chain reaction (PCR) (3) . Integration activity in cell extracts was analyzed as detailed (3, 9) .
Immunoprecipitation of HIV- (A) CD4+ MT-4 cells were harvested 15 hpi and nuclear extracts were prepared following hypotonic cell lysis. RNase A-treated and untreated extracts were then fractionated by density gradient centrifugation. (B) Gradient fractions of non-RNase-treated extracts were analyzed for RT activity. (C) Viral DNA in each fraction was analyzed by PCR with HIV-1 pol-specific primers, and cellular DNA was identified with tubulin primers. Biological activity of viral nucleoprotein complexes was confirmed by their ability to integrate within heterologous DNA. In vitro integration products were identified by using nested HIV-1 long terminal repeat (LTR) primers as outlined in Tables 1 and 2 . (D) RNase-treated and untreated nuclear extracts were further analyzed by Western blotting with pooled sera from HIV-1-seropositive individuals and with monoclonal antibodies to HIV-1 MA. (Fig. 2B Upper) and IN (Fig. 2B   Lower) antibodies. This RNA did not represent de novo synthesized transcripts following provirus establishment, since doubly spliced tat RNA species-the first HIV-1-specific RNAs produced in an infected cell (18)-were not detectable by PCR at 8 hpi and were present at only low levels by 24 hpi (data not shown). The ability to immunoprecipitate viral RNA with antibodies to MA was eliminated when nuclear extracts were treated with detergent (0.5% Triton X-100) (Fig. 2B) , suggesting a weak association of MA with viral RNA and DNA within the context of the maturing preintegration complex. In agreement with data in Fig. 1 (Fig. 2C) or at earlier times after infection (data not shown).
Completion of HIV-1 Reverse Trncription In the Nuce.
The association ofRT with viral nucleic acids was demonstrated in viral nucleoprotein complexes purified from nuclei ofacutely infected cells. To examine the biological significance of this association, we examined whether completion of HIV-1 DNA synthesis occurred in nuclear or cytoplasmic compartments of acutely infected cells (Fig. 3) . Synthesis of both early and late (7) reverse transcription products of HIV (amplified by LTR U3/R and LTR U3/gag primers, respectively; Tables 1 and 2) in whole cell extracts was evident as early as 1 hpi, and both the abundance and rate of synthesis of early and late reverse transcription products were equivalent (Fig. 3) (15) . Subcellular distribution of viral nucleic acids before and at various times after removal of the reverse transcription block was then analyzed. At the point of BHAP removal, genomic viral RNA was identified almost exclusively in the nucleus (Fig. 4C Upper) . The renewal of the synthesis of early and late reverse transcription products was clearly evident by 8 hr after BHAP removal in nuclear extracts but not in cytoplasmic extracts (Fig. 4C Lower) . By 24 hr after BHAP removal, both genomic viral RNA (Fig. 4C Upper) (12) , which, if functional, could influence nuclear import characteristics of the viral preintegration complex.
We provide evidence that HIV-1 can complete reverse transcription in the host cell nucleus, which suggests that DNA synthesis and nuclear import of viral nucleic acids proceed concurrently. Previous studies with MLV and HIV-1 have clearly demonstrated that reverse transcription can proceed to completion in the cytoplasm and that viral preintegration complexes possessing full in vitro integration activity can be isolated from that cellular compartment (2, 16) . It is also possible that these cytoplasmic complexes contain incomplete products of reverse transcription and that, as demonstrated in an avian system, DNA synthesis is completed in vitro after complex isolation (17) . It remains to be determined whether concurrent synthesis and nuclear import of HIV-1 DNA are characteristic of lentivirus replication or of retrovirus replication in general.
